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SPECIFICATION 

TITLE OF THE INVENTION : 
reflective goods 



Production method of anti- 



CLAIMS 

(1) A production method of anti-reflective goods has 
characteristics as such that at the least one layer of anti- 
reflective film of which most outer surface film comprises 
mainly silicon dioxide is arranged on a surface of a 
substrate, and that surface is subjected to a treatment in 
an environment with presence of compounds including organic 
silicon substituents shown with following general formula 

R 1 R^aR^bSi-X 3 _ a -b (D 

(In above formula, R 1 , R 2 , and R 3 each shows one type 
selected among hydrogen, alkyl group, alkylhalide group, 
allyl group, aryl group, or aryl halide group; and a, b each 
shows 0 or 1, X shows hydrolyzable substituents.) 

DETAILED EXPLANATION OF THE INVENTION 
[Fields of industrial application] 

This invention relates to a production method of anti- 
reflective goods showing excellent stain resistance, scratch 
resistance, or processing resistance. 

[Prior art] 

A method that forms a cover film on a substrate through a 
vacuum vapor deposition method and the like of substance of 
which refractive index varies from that of the substrate has 
been generally conducted for purpose of attaining an anti- 
reflection property. It is known in this case that it is 
important to select the thickness of a material that is used 
to cover a substrate in order to gain the best enhancement 
on anti-reflection effect. As this type of anti-reflection 
film, materials used for a cover film forming mainly 
comprise inorganic oxides or inorganic halides; and in the 
case of plastic substrate , silicon dioxide has been used as 
its surface layer film. 

In addition, according to the Japanese Patent Applications 
Kokai Sho 59 [1984] -49501, and Kokai Sho 59 [1984] -50401 
disclosures, method of forming an anti-reflective film 
comprising several layers through use of liquid composition 
is disclosed. According to this method, it requires 
inclusion of at the least 30 weight % of inorganic 
represented with silica fine particles and the like in the 
top surface layer film. 



[Subjects solved by this invention] 

However, according to the method of vapor deposition, 
while showing a substantially high surface high degree 

[note: although the original document states high degree, 
may be a misprint of hardness, translator's note], it shows 
a defect that when water droplets become adhered and are 
dried in that state, inorganics which are included in the 
water droplets become adhered to the surface as residual 
encrustation which are difficult to remove. In addition, 
when a scattered water is adhered, it expands greatly 
presenting a problem point of causing a distorted vision of 
goods that occupies a large area in the case of eye glass 
lens and the like. 

In addition, the method disclosed in the Japanese Patent 
Application Kokai Sho 59 [1984] -49501 shows poor sliding on a 
surface causing easy scratches through friction with cloth 
and the like. 

Furthermore, various surface treatment agents are proposed 
with purpose of improving these problem points, and 
although they are commercialized, all of them are found to 
merely temporarily provide such function as they are 
dissolved in water or various solvents; and are known to 
lack lasting effect showing poor durability. 

This invention aims to solve above-explained defects of 
prior arts, and offers a production method of anti- 
reflective goods with easy removal of inorganic on its 
surface and show . water repelling property as well as 
friction resistance. 

[Measures used to solve the subjects] 

This invention attains above -explained purposes through a 
constitution explained below. 

" A production method of anti-reflective goods has 
characteristics as such that at the least one layer of anti- 
reflective layer of which most outer surface film mainly 
comprises silicon dioxide is arranged on a surface of a 
substrate, and that surface is subjected to a treatment in 
an environment with presence of compounds including organic 
silicon substituents shown with a general formula (I)." 

R 1 R 2 aR 3 bSi - X 3 _ a _ b (I) 

[In above formula, R 1 , R 2 , and R 3 each shows one type 
selected among hydrogen, alkyl group, alkyl halide group, 
allyl group, aryl group, aryl halide group; and a and b show 
0 or 1. X shows hydrolyzable substituents.] 



The anti-reflective film referred to at this time is at 
the least of 1 layer, that is to say, of either single layer 
or multiple layers; and its most outer surface layer film 
comprises mainly silicon dioxide; and the substance that 
forms lower layers from said most outer surface layer film 
comprise mainly various inorganic including silicon dioxide. 
The constitution of the film should be determined in an 
experimental manner in accordance with required performance, 
for instance, heat resistant, anti-reflection property, 
color of reflected light, durability, or surface hardness 
and the like. 

As for the methods which may be used to convert to covert 
films of these anti-reflective films, various PVD methods 
(Physical Vapor Deposition methods) represented with vacuum 
vapor deposition method, ion plating method, or sputtering 
method and the like. 

As for the inorganic suited for said PVD method, besides 
SiC>2/ inorganic oxides such as AI2O3, Zr02/ TiC>2/ Ta205, 
Hf0 2 , SiO, TiO, Ti20 3 , Y 2 0 3 , Yb 2 0 3 , MgO, or Ce0 2 and the 
like may be used suitably. 

The most outer surface layer film of said anti-reflective 
filmthat is formed by above -explained PVD methods must be 
mainly of silicon dioxide; and it is necessary that is 
included at the least 50 weight %. That is to say, when 
silicon dioxide happens to be less than 50 weight %, not 
only sufficient surface hardness cannot be attained, but 
also durability of these performance are not displayed 
prominently . 

In addition, although a film thickness of said most outer 
surface layer film must be determined according to required 
performance other than anti-ref Iction effect, for the 
purpose of displaying the maximum anti-reflection effect, it 
is recommended to set the optical film thickness of surface 
layer film to 1/4 of light wavelength, or uneven 
magnification of that [light wavelength] from the standpoint 
of minimum index of reflection, that is to say, providing 
the maximum transmissivity . 

On the one hand, lower layer parts of said most outer 
surface layer film are not particularly restricted. That is 
to say, although surface layer film may be formed as a cover 
film directly on a substrate, in order to attain further 
prominent anti-reflection effect, it is more effective to 
cover a substrate with a multiple layer cover film that at 
the least include a cover film showing higher index of 
refract ivity than that of the most outer surface layer film. 
Several proposals on the selection of film thickness and 
refractive index of anti-reflective film comprising several 
layers. (make reference to Optical Technology Contact Vol. 
9, No, 8, 17-23, (1971) ) . 



This invention is designed to treat a goods having at the 
least one layer of anti-reflective film of which most outer 
surface layer film comprises mainly silicon dioxide to a 
treatment in an environment with presence of organic silicon 
compounds including substituents shown with following 
general formula (I) : 

R 1 R 2 aR 3 b Si-X 3 _ a _ b (I) 

[However, in above formula, R 1 , R 2 , and R 3 each shows one 
type selected among hydrogen, alkyl group, alkyl halide 
group, allyl group, aryl group, or aryl halide group; and a 
and b show 0 or 1; and X shows hydrolyzable substituents.] 

It is all right when each R 1 , R 2 , and R 3 shown in the 
general formula (I) are of the same or varied type. 

Concrete representative examples of organic silicon 
substituents shown with R 1 R 2 aR 3 b Si- in the general formula 
(I) include following compounds: trimethyl silyl, dimethyl 
silyl, methyl phenyl silyl, vinyl dimethyl silyl, ethyl 
dimethyl silyl, diethyl methyl silyl, triethyl silyl, allyl 
dimethyl silyl, 3 -aminopropyl dimethyl silyl, 3 -amino propyl 
diethyl silyl, 3 -amino propyl ethyl methyl silyl, p-biphenyl 
dimethyl silyl, bis (p-biphenyl) methyl silyl, bis(p- 
biphenyl) phenyl silyl, p-biphenyl diphenyl silyl, bromo 
methyl dimethyl silyl, triphenyl silyl, bis(chloro 
methyl) methyl silyl, chloromethyl dimethyl silyl, gamma - 
chloro propyl dimethyl silyl, iodo methyl dimethyl silyl, 
fluoro methyl dimethyl silyl, gamma- (3 , 3 , 3-trif luoro) propyl 
dimethyl silyl, gamma-perf luoro alkyl propyl dimethyl silyl, 
n-propyl dimethyl silyl, i -propyl dimethyl silyl, n-butyl 
dimethyl silyl, sec-butyl dimethyl silyl, t -butyl dimethyl 
silyl, t-butyl diphenyl silyl, 1-chloro ethyl dimethyl 
silyl, 2-chloro ethyl dimethyl silyl, cyclohexyl dimethyl 
silyl, benzyl dimethyl silyl, n-octyl dimethyl silyl, phenyl 
dimethyl silyl, diphenyl methyl silyl, diphenyl vinyl silyl, 
di-n-propyl methyl silyl, tri-n-propyl silyl, gamma - 
methacryloxy propyl dimethyl silyl, gamma -glycydoxy propyl 
dimethyl silyl, beta-cyano ethyl dimethyl silyl, gamma - 
mercapto propyl dimethyl silyl, beta- (3 , 4-epoxy 
cylcohexyl) ethyl dimethyl silyl, gamma-f luoro propyl 
dimethyl silyl, or gamma- (3 , 3 -dif luoro) propyl dimethyl silyl 
and the like. 

In particular, organic silicon substituents such as 
trimethyl silyl, dimethyl silyl, gamma- (3 , 3 , 3- 

trif luoro) propyl dimethyl silyl, or phenyl dimethyl silyl 
and the like showing a large level of water marking [stains] 
in addition to excellent stain resistance. 



As for the substituents shown with X in the general 
formula (I) , following concrete examples may be mentioned: 
halogen groups such as chlor or brom and the like; alkoxy 
groups such as methoxy, ethoxy, propoxy, or beta-chloro 
ethoxy and the like; alkoxy alkoxy groups such as ethoxy 
methoxy, or methoxy methoxy and the like; carboxy groups 
such as acetoxy, trifluoro acetoxy, or benzoate and the 
like; amino groups such as amino, dimethyl amino, diethyl 
amino, ethyl amino, allyl amino, anilino, or n-butyl amino 
and the like; ring- form amino or imino groups such as 
imidazolyl, piperidyl, 1, 2 , 4-triazolyl , 1, 2, 3-triazolyl, 
pyrrole, or pyrrolidinyl and the like; amide groups such as 
acetoamide and the like; silanole group; allyloxy groups 
such as vinyloxy, or allyloxy and the like; aryloxy groups 
such as trichloro phenoxy, or nitrophenoxy and the like; 
ketoxyme groups such as dimethyl ketoxyme, or methyl ethyl 
ketoxyme and the like; carbamate groups such as N-methyl 
carbamate, or N- (3-chlorophenyl) carbamate and the like; 
dialkyl aminoxy groups such as dimethyl aminoxy, or dimethyl 
aminoxy and the like; aralkyloxy groups such as benzyloxy or 
phenethyloxy and the like; heterocyclic alkoxy group such as 
furfuryloxy and the like; cycloalkyloxy group such as 
cyclohexyloxy and the like; methyl vinyloxy group; and urea 
groups such as urea, or diphenyl urea and the like. 
Furthermore, when X us amino group, amide group, or dioxyme 
group of one type of oxyme, di or trialkoxy group, or urea 
group, no problems should occur when compounds happen to 
contain at least 2 organic silicon substituents shown as 
R 1 R 2 aR 3 bSi- in the general formula (I) in one molecule. 

As for the organic silicon compounds explained above, use 
of such that shows boiling point ranging from 50°C to 2 50°C 
boiling point is recommended from the standpoint of 
unif ormalization of treatment and easy handling. In 
particular, silazane compounds, or acetoamide compounds, or 
lower alkoxy compounds may be used preferably. 

Not only one type or more than two types of above - 
explained organic silicon compounds may be jointly used; and 
in addition, it is possible to use more than two types to be 
treated in a step-like manner. 

As for the treatment in an environment that includes said 
organic silicon substituents containing compounds referred 
to in this invention, it refers to, more concretely, an 
immersion in said organic silicon substituent group 
containing compounds or their exposure to their vapor. 
Although treatment time, or treatment temperature and the 
like should be determined according to purposes and 
substrate, treatment time may be generally 1 minute to 20 
hours, and treatment temperature may be generally within a 
range of 10°C to 100°C. 
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In addition, as for the organic silicon substituent 
containing compounds explained above, it presents absolutely 
no problems when they are diluted in solvents such as water, 
alcohol, ketone, ester, ether, or hydrocarbon halide and the 
like as needed, or acid or alkali is added with purpose of 
promoting hydrolysis. In particular, use of such that is 
diluted with fluorine containing organic compound is 
recommended from the standpoint of safety and volatility. 
In addition, use of solvents such as alcohol or ketone and 
the like is recommended for aroma generation. 

Index of surface reflection of the anti-reflective goods 
treated with organic silicon substituent containing compound 
of this invention is preferable when it is at most 3%, and 
static contact angle against water is at least 60° from the 
standpoint of practical application. At this time, index of 
surface reflection refers to index of reflection of all 
beams on a cover film formed plane; and when each anti- 
reflective film and cover film are formed on both planes of 
optical goods, . it is defined as reflective index on both 
planes. When index of surface reflection of optical goods 
after cover film forming happens to exceed 3%, anti- 
ref lection effect remains insufficient. When optical goods 
happens to be transparent and colorless, its index of 
surface reflection on that plane may be stated as the half 
of the value arrived at by subtracting total beam 
transmissivity of optical goods from 100%. 

That is to say, when index of surface reflection happens 
to exceed 3%, it forms reflection image that is often 
referred to as a ghost or a flare in the case of eye glass 
lens to tend to cause unpleasant sensation. In addition, in 
the case of looking glass or CRT filter, it presents a 
problem of not clearly recognized content or display 
characters due to the light reflected on the plane. 

In addition, although it is preferable when static contact 
angle against water is at least 60° in the case of said 
anti-reflective goods, the term static contact angle against 
water that is referred to at this time indicates liquid drop 
method that is conducted by forming a water droplet with at 
most 2 mm diameter on an optical goods and measures its 
contact angle of that time. When static contact angle 
happens to be under 60°, not only sufficient water repelling 
property is not displayed but also it is difficult to remove 
stains . 
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As for the substrate of this invention, although any types 
may be used, use of following substrate is recommended from 
the standpoint of optical characteristics such as 
transparency, refractive index, or dispersion and the like, 
and in addition, various physical properties such as impact 
resistance, heat resistance, or durability: plastics, in 
particular, polymethyl methacrylate and its copolymers; 
polycarbonate, diethylene glycol bisallyl carbonate (CR-39) ; 
di (meth) acrylate polymer and its copolymers of (bromine 
converted) bisphenol A; polymers or copolymers of urethane 
modified monomers of mono (meth) acrylate of (bromine 
converted) bisphenol A; polyester, in particular, 
polyethylene terephthalate and unsaturated polyester; 
acrylonitrile-styrene copolymer, vinyl chloride, 

polyurethane , or epoxy resin and the like. 

In addition, according to this invention, it is 
recommended to form a cover film of hard coat and the like 
between said substrate and anti-reflective film. It is 
possible to improve various physical properties such as 
adhesion, hardness, chemical resistance, durability, or dye 
property through said cover film. For purpose of hardness 
improvement, use of various materials known as cover film 
that provides high surface hardness on plastic may be used 
(make reference to the Japanese Patent Applications Kokoku 
Sho 50 [1975] -28092, Kokoku Sho 50 [1975] -28446 , and Kokoku 
Sho 50 [1975] -39449) . Furthermore, acryl group crosslinked 
goods given from (meth) acrylic acid and pentaerithritol may 
be also used. 

As for the treatment using this invention's organic 
silicon substituent group containing compounds, it is 
preferable when a surface of to-be treated anti-reflective 
film is cleaned; and during such cleaning, removal of stains 
through surfactants, or degrease by organic solvents, or 
vapor wash with Freon may be used. In addition, various 
pre- treatments are considered as effective from the 
standpoint of improvement on close adhesion or durability; 
and particularly preferred methods include a activated gas 
treatment or a chemical treatment through acid or alkali and 
the like. 

The anti-reflective goods given by this invention 
generally shows such beneficial points as water repelling 
property with easy removal of stains as well as water 
droplets from anti-reflective films, and no water markings; 
and in addition to these performance, it shows durability 
against friction, it is suited for not only optical lens 
such as spectacle lens, camera lens, or bifocal lens, but 
also various displays in particular, CRT display, and its 
front panel sheet . 



9 



[Examples] 

This invention is further explained in detail below with 
examples; however, it should not be restricted with these 
examples . 

Furthermore, the term parts in the examples show parts by- 
weight . 

EXAMPLES 1,2, COMPARATIVE EXAMPLE 1 

(1) Preparation of coating material 

128.7 parts of gamma -glycydoxy propyl methyl diethoxy 
silane was placed in a beaker, and while liquid temperature 
was held at 10°C, 0.05 normal hydrochloric acid aqueous 
solution 18.7 parts was dropped little by little to conduct 
a hydrolysis. After dropping was completed, 69.3 parts of 
gamma-chloro propyl trimethoxy silane was added; and while 
this was cooled at 10° C, 0.01 normal hydrochloric acid 
aqueous solution 18.9 parts was dropped little by little to 
give a hydrolyzed product of silane. After dropping was 
completed, 451.6 parts of methanol dispersed silica sol 
(solids portion 30%), 34.4 parts of diethylene glycol 
dimethyl ether, 263.8 parts of methyl alcohol, 1.5 parts of 
silicone group surfactant, and 13.5 parts of acetyl acetone 
aluminium salt were added; and it was thoroughly stirred and 
mixed to give a coating material. 

(2) Preparation of coating lens 

A lens made of diethylene glycol bisallyl carbonate 
polymer (CR-3 9) was immersed first in an aqueous solution of 
caustic soda, and then, it was thoroughly rinsed with water; 
and above-explained coating composition (1) was dip coated 
on both planes of that lens under 10 cm/min pull up speed, 
and then, this was heat dried for 4 hours at 90°C to give a 
coating lens. 

(3) Preparation of anti-reflective film 

On the coating lens given by above -explained process (2) , 
inorganic substance (Zr02/Ti02/Y203 ) , Ta205, Si02 were 
applied on both planes of the lens to form a multiple layer 
cover through vacuum vapor deposition method in the sequence 
as explained above by setting the optical film thickness as 
jX/4 (A shows 54 0 nm) / 

Reflection interference color on given anti-reflective 
plastic mold goods was green, and total beam transmissivity 
was 98.12%. 
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(4) Treatment with organic silicon compound 

The lens having anti -reflective film given in previous 
process (3) was hung in a container having hexamethyl 
disilazane at its bottom part to expose this to vapor of 
hexamethyl disilazane for 16 hours to carry out treatment 
with organic silicon compound (example 1) . In addition, it 
was immersed in solution at the bottom part for 10 minutes 
to carry out treatment with organic silicon compound 
(example 2) . 

(5) Evaluation of performance 

Performance of given optical goods was conducted by 
testing in the matter explained below. Furthermore, testing 
was conducted on the one that was not treated with organic 
silicon compound as a comparative example. Results are 
shown in the Table 1. 

(A) Static contact angle against water 

Contact angle gauge (CA-D model made by Kyowa Kaimen 
Kagaku K.K.) was used, and a water droplet with 1.5 mm 
diameter was formed on a needle tip at room temperature, and 
this was contacted with top part of convex ( c£b ) plane of a 
lens to form a liquid droplet. Angle formed between liquid 
droplet and plane at this time was measured to identify this 
as static contact angle. 

(B) Exterior appearance 

Reflection interference color and its uniformity, and 
cloudiness were observed with naked eyes. 

(C) Anti-reflective property 

Total beam transmissivity (Ti) was measured to seek 
surface reflection index on one plane through formula shown 
below to evaluate anti-reflective property. 

anti-reflective property (surface reflection index) = 

(100 - Ti) /2 

(D) Anti-staining property test 

5 ml tap water was dropped on a concave ( HQ ) plane of a 
lens, and after this was left undisturbed for 48 hours at 
room temperature atmosphere, it was wiped with a cloth to 
judge as good when encrustation [slime] could be removed; 
and as no good when could not be removed. 

(E) Friction resistance test 

After rubbing a lens surface with a cloth soaked with 
artificial perspiration under 500 g load, static contact 
angle against water as explained in said (B) was measured to 
conduct durability test against friction. 



EXAMPLE 3 

(1) Preparation of coating material 

5.9 parts of gamma -glycydoxy propyl methyl diethoxy 
silane, and 25.1 parts, of gamma -glycydoxy propyl trimethoxy 
silane were placed on a beaker; and while liquid temperature 
was held at 10°C, 16.8 parts of 0.05 normal hydrochloric 
acid aqueous solution was dropped little by little to 
conduct as hydrolysis. After dropping was completed, 236.8 
parts of methanol dispersed silica sol (solids 30%), 131.4 
parts of methanol, 1.8 parts of silicon group surfactant, 
and 4.3 parts of acetyl acetone aluminium salt were added to 
this solution, and was thoroughly stirred and mixed to give 
a coating material. 

(2) Preparation of coating lens 

A lens made of diethylene glycol bis allyl carbonate 
polymer (CR-3 9) was first immersed in caustic soda aqueous 
solution, and then, it was rinsed thoroughly with water; and 
both planes of this lens were immersion coated with coating 
composition prepared in above -explained (1) at 10 cm/min 
pull out speed; and then, it was dried for 4 hours at 9 0°C 
to give a coating lens. 

(3) Preparation of anti-reflective film 

On the coating lens given in above -explained (2), 
inorganic substance of (Zr0 2 /Ti0 3 ) , Ta 2 0 5 , Si0 2 were formed 
as multiple layers of cover on both planes of the lens in 
the sequence as explained above by setting each optical film 
thickness as JK /4 ( A 540 nm) . 

The ^ reflection interference color of given anti-reflective 
plastic mold goods was green, and total beam transmissivity 
was 98.12%. 

(4) Treatment with organic silicon compound 

The lens having anti-reflective film given in said (3) was 
hung in a container containing a solution of 50 parts of 
methyl isobutyl ketone and 50 parts of hexamethyl disilazane 
at its bottom part to expose to vapor of methyl isobutyl 
ketone and hexamethyl disilazane for 3 0 minutes to carry out 
a treatment with organic compound. 

(5) Evaluation of performance 

Given optical goods was tested in the same manner as 
explained in the example 1. Results are shown in the Table 
1. 

EXAMPLE 4 

According to the treatment with organic silicon compound 
described in the example 1, the treatment was carried out in 
the same manner as explained in the example 1 by changing 
said organic silicon compound to cyclic silazane having a 
structure of [R 2 SiNH] n (50wt. % of n=3, 50 wt . % of n=4, and 
R=CH 3 ) . Results are shown in the Table 1. 
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Table 1 



example 




results of tests 




contact 


exterior 


anti -reflection 


anti-stain anti- 


angle 


appearance 


property 


property 


friction 


examples : 








property 








1 97 


good 


1.00 


o 


90 


2 80 


good 


1.00 


o 


72 


3 95 


good 


1.00 


o 


71 


4 90 


good 


1.00 


o 


85 


comparative 










example 










1 19 


good 


0.94 


X 





[Effects of this invention] 

According to this invention, it is possible to offer a 
production method of anti -reflective goods showing following 
effects: 



(1) It is possible to easily remove adhered water 
encrustation [slime] even when it is dried. 

(2) It is possible to easily shake off rain drops and the 
like due to its water repelling property. 

(3) It shows good durability against friction; and may be 
used for eye glass lens. 

(4) Due to a simple method, treatment may be done in 
short hours to allow such treatment at store front and the 
like. 



Translation requested by: Mary M . Hurlocker, OIPC 
Translation by: Mie N. Arntson, 512-331-7167 
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